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On Operator Modelling and Man Machine Experiments.
To support discussions related to the planning of man - machine experi-
ments some key points in the field of interest are reviewed in this note.
Operator Model
The functions of the operator in an industrial plant has been discussed and
some properties formulated on the basis of general experience in recent re-
ports. (Ref. 11 2).  The human operator has a high degree of ability to adapt to
his operational conditions, and thus the influence of deficiencies in man -
machine communication, e.g. inappropriate coding of information presented
to him, will mainly be demonstrated in situations with severe mental load.  It
therefore seems appropriate to review reported accidents with special empha-
sis upon this communication.  In the preliminary attempt to review such re-
ports, a need showed up for a simple schematic model of the operator's func-
tions, to increase the mental data capacity of the reviewer, due to the great
diversity of parameters influencing the reported situations.
Such a model is shown in fig. 1. According to this model the tasks of the
operator may be classified into four separate categories:
I.
The first response mode is an automatic - or unconscious matching of
sensed data patterns with trained response patterns.  This mode is initiated
automatically by the appropriate data patterns and is based upon long term
training of pattern recognition and response co-ordination.  The typical tasks
will be regulating and tracking tasks, routine sequences (as driving a car).
The transformation model of the operator (the system information stored) will
be a trained, unconscious plant response model with no relation to physical
understanding or knowledge of the process.
In this mode of functioning the operator may meet data patterns having no
corresponding trained response pattern, and these patterns may be perceived
or detected - and cause a conscious pattern identification.
II.
When an unusual situation is thus perceived, it normally will be more or
less thoroughly evaluated, additional state data will be searched and to clas-
sify the condition, the pattern will be correlated to a mental model of the sys-
tem and to the actual goal of operation.  The situation may be classified as a
condition known from the past according to the operators experience, which
in this context stands for a formal behavioural model of the plant based upon
system information extracted from system performance.  In this case the
situation will be met by a response based upon trained co-ordination.
III.
In the case where the conditions are not identified as familiar to the opera-
tor, he has to evaluate the situation according to a mental model taking into
account the physical properties of the plant, based upon fundamental educa-
tion in plant anatomy, dynamic properties and the physical interpretation of
the data available
Whereas the goal in the trained responses to a major degree has been to
optimize the average pay off, the operator in the choice between different hy-
pothesis on the plant conditions, may aim at different goals: A scientific goal
to explain the behaviour (especially relevant to repair and trouble shooting),
an operational goal to secure continuity a(production (considering average
cost), or a safety goal to protect the plant or members of staff (considering
immediate risk).
The abnormal condition may be identified as a situation foreseen and
evaluated by the system designer, who has formulated appropriate responses
in instructed procedures which form a formal transformation model to the op-
erator, influencing his identification and controlling the co-ordination of his
response.
IV.
If the conditions are identified as such not foreseen and treated by the de-
signer in the instructional system, the operator has to further evaluate the
plant conditions, predict plant response to different possible countermeasures
according to a highly detailed physical understanding of the system and a
carefull appreciation of the relevant goal.  His transformation model has to in-
clude very detailed physical and technological properties of the plant, and will
be needed also to control the co-ordination of his responses.
The model is not intended as an explanation of how the operator performs
and can not be used to evaluate, why a fault has taken place. it is more real-
istic to see the model as a classification of certain groups of tasks, the opera-
tor has to full-fill, and thus is suited to demonstrate which function has been
wrong, rather than why this psychologically speaking - has been the case.
When performing a task, the operator is constantly reformulating problems,
the solution of one question is creating the next and psychologically speaking,
the operator in all conscious tasks is circulating in the loop sensing - classifi-
cation - identification - decision - (manipulation).  The model has similarities
to a psychological model (as suggested by Gagné, ref. 3, in which the shunting
effect is similar to the branching of task in the present model), because the
operator, during the education and instruction, has stored an appreciable
amount of information in the form of: when this technical failure happens -
the behaviour of the plant will be that, unless you are clever enough to do
these things in correct order.  This means that whatever the mental proce-
dures are in the operator, he can only utilize this information if he has a stage
in his evaluation saying this is probably the technical explanation what have I
been told to do? - or what will be reasonable to do?
If the education was only "on-line" i.e. a behavioural model, this would not
take place - the operator would do some statistical optimization to change the
dangerous cues in the patterns, whatever the physical reason was.
Coding of Data presented to operator.
It is well known from experiments (Ref. 4) and everyday life that the human
data input capacity is highly limited, but that information input capacity is
very great in case of appropriate coding i.e. when data are arranged in pat-
terns related to the mental transformation model available.  The goal of the
operator and the transformation model needed are different in the various
tasks, varying from a formal model based on training, experience or instruc-
tions in routine tasks to models related to detailed physical and technological
properties of the system based upon fundamental education in evaluation and
decision.  It is therefore important to study the nature of the mental models
available to the operator and the influence of information coding upon his
performance in various tasks to find appropriate means to apply the data
conditioning ability of a process computer system.
Suggested Experiments.
Pre programmable task.  This is one of the main group of tasks in auto-
mated systems.  The designer has been able to evaluate the task, but auto-
mation has not been considered feasible, and he has therefore furnished the
instrumentation with special signals to initiate the response.  In such a de-
sign there is a need for information of the human response time and reliabil-
ity.  This is investigated in the British experiments using the Horatio equip-
ment suggested by Green (Ref. 5) which records distribution of response time
between an artificial warning signal and the operator’s response (pressing an
acknowledge key).  This type of information fits into the British reliability cal-
culating programme NOTED (Ref. 6) and to supply supplementary data it is
considered to collect similar data from the DR-3 installation.  It is here
planned to record detailed data giving true time of occurrence of genuine
warning signals and of the operators response to be able to judge the influ-
ence of the type of alarm, the operational conditions and the time related to
shift periods (Human Alertness Measuring and Logging Equipment, HAMLET).
In the same group of tasks come tracking and regulating tasks as per-
formed by nuclear reactor operators bringing the reactor to power from criti-
cality by manipulating control rods to keep the reactor power at a constant
rate of increase.  During this task the dynamic properties of the plant are
changing and the operator has several secondary tasks of monitoring and
manipulating instrument knobs. (Ref. 7)-
As this task is a routine task it is well suited for off-line experiments by
means of an analog simulator.  It seems possible to use the task to evaluate
the role of display coding, as the operator depends upon a set of data, and it
is possible to measure quality of response as time spent and integrated mean
square deviation from optimal performance by means of the computer.
It is therefore suggested to run a series of simulated start up sequences
with the relevant data presented to the operator by individual meters in the
conventional way and by integrated displays of different design.
One major difficulty will probably be that the task suggested for experi-
ments, is so easy to perform that quality of performance by trained individu-
als will show no clear difference in quality, and it should be considered to
measure the quality of the display coding in the tracking task by judging the
speed of learning the task by untrained individuals, whereas the performance
with different types of display coding in tracking task disturbed by secondary
tasks (monitoring, meter switching e.a.) may be measured by trained subjects.
Unforeseen tasks, evaluation.
Detection, identification and decision are tasks which are all characterised
by inter-comparison of data in special patterns, but the mental transforma-
tion models utilized by the operator varies greatly.
Evaluation of operator model will be attempted by analysis of tape record-
ings made by trouble shooting technicians "thinking loud".  A preliminary
analysis of the first few cases seems to indicate that a classification can be
made according to different mental models (a probabilistic model based upon
experience, a formal model based upon normal state data from manuals or
experience, and a physical model of the failed system created from funda-
mental understanding and state data). Correlation with published classifica-
tions (Ref.8) is interesting, as the procedures (problem solving) relevant in our
context seem to fall in the category "unsystematic" in the report referred to
because these investigations are based upon a classification of the manipula-
tions of the trouble shooters with no reference to his mental activities.
It is further planned to make off-line experiments with isolated, well defined
evaluation situations by means of simulated systems with various display
coding.  These experiments will be based upon situations and subsystem ex-
tracted from the analysis performed during the design of the complete ex-
perimental computer controlled instrumentation designed for the DR-2 reac-
tor (Ref. 9), which is considered to involve two complex operator situations to
allow real performance measurements, but to be an excellent base for formu-
lation of relevant isolated experiments.
The initial experiments will attempt to evaluate the difference between con-
ventional meter panels and integrated (C.R.T.) displays in detection and iden-
tification tasks, in which the number of successful performances or the accu-
racy of judgement can be measured At the present stage of the work, the
models needed for coding of the integrated displays seems to have the follow-
ing four main categories:
1) Purely abstract models which only need information coded in easily
reognizable patterns.  This type is suited for monitoring tasks (detection).
Suitable as an example will be data represented by indicators in a
straight line to indicate deviation from normal operation.
2) Functional models representing the physical relation between data in the
set describing a situation or a subsystem.  These may be based upon
mathematical models of plant response, and may, as suggested by Wohl
(Ref. 10), be based upon graphic methods like those utilized in textbooks
or graphical design methods to clarify relations between data describing
physical processes.  This type may be advantageous in the task of iden-
tifying the abnormal system.
3) Models closely related to the technological anatomy of the plant as they
are used in flow diagrams and "mimic" displays also used in the conven-
tional control systems. this type probably will be mostly suited in the de-
cision task, where the operation evaluates his counter measures, and he
may need support when judging the appropriate manipulations. (Exam-
ples for DR-2 system are given in Ref. 10).
4) Finally special abstract models may come into use, when special system-
atic procedures exist (preplanned procedures or general methods).  The
display may support logical administration of checks performed by the
operator, as suggested by Wohl (Ref. 10) or logical reasoning in general
(Ref. 12).
It should be considered that the operator have to identify failures in the in-
struments as well as failures in the process, and experience from accidents
indicates that the operators have a tendency not to trust information from the
instrumentation, when a very improbable but maybe risky condition is indi-
cated, and therefore displays for detection and identification should preferably
be based upon primary measuring data, and the model thus rather repre-
sented by the lay out of data presented than by computer calculation of de-
rived data.
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